Background: The association among periodontal conditions, socioeconomic status (SES), and diabetes has been reported. However, there is a lack of published data comparing periodontal conditions among individuals with poorly controlled type 2 diabetes mellitus (T2D). The aim of the present study was to compare the periodontal conditions and SES between subjects with T2D and non-diabetic controls.
Background: The association among periodontal conditions, socioeconomic status (SES), and diabetes has been reported. However, there is a lack of published data comparing periodontal conditions among individuals with poorly controlled type 2 diabetes mellitus (T2D). The aim of the present study was to compare the periodontal conditions and SES between subjects with T2D and non-diabetic controls.
Methods: A total of 75 (31 males and 44 females) individuals with T2D (62 poorly controlled and 13 well-controlled) and 99 non-diabetic patients (healthy controls; 51 males and 48 females) participated in the study. Plaque index (PI), bleeding on probing (BOP), and probing depth (PD) were investigated. Random blood glucose level was recorded. Premolar and molar marginal bone loss (MBL) was measured digitally on scanned orthopantomograms.
Results: Individuals with poorly controlled T2D had increased MBL in molars and maxillary premolars (P <0.05) compared to individuals with well-controlled T2D. PI, BOP, and PD of 4 to <6 mm were increased in individuals with poorly controlled T2D compared to those with well-controlled T2D (P <0.001). There was no difference between the diabetic groups when PD was ‡6 mm. Individuals with poorly controlled T2D had a lower SES compared to patients with well-controlled T2D (P <0.05). Illiteracy and the number of missing teeth were not different between the groups.
Conclusions: Radiologic and clinical indicators of periodontal destruction were increased in individuals with poorly controlled T2D. Low SES aggravated the periodontal condition in individuals with T2D. J Periodontol 2007;78:2112-2119.
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Bleeding; bone loss; smoking; socioeconomic status; type 2 diabetes. P eriodontal disease is three times more prevalent in individuals with type 2 diabetes mellitus (T2D) 1 and is recognized as the ''sixth complication of diabetes.'' 2 Individuals with diabetes also may experience periodontal conditions at earlier ages compared to non-diabetic individuals. 2 Case reports 3 showed that there is an increased prevalence and severity of periodontal conditions in individuals with poorly controlled diabetes. Marginal bone loss (MBL) is four times greater in individuals with T2D compared to non-diabetic individuals. 4 Furthermore, increased MBL and probing depth (PD) ‡4 mm have been associated with poor control of diabetes. 3, 5 As a result, periodontal treatment by a specialist may be unable to halt the progression of periodontal disease if the diabetes is poorly controlled. 3 In contrast, an individual with well-controlled diabetes may have better periodontal health. 5 Therefore, regular metabolic control of diabetes is essential.
The population of Pakistan is estimated to be 158 million, and ;10% of adults have T2D 6 compared to Sweden, where 3% to 4% individuals are estimated to be diabetic, the majority of whom have T2D. 7 Poor education and a low socioeconomic status (SES) have been linked with a high prevalence of T2D. 8 These factors may compel individuals to use inexpensive and non-conventional modes of treatment for their medical disorders, including T2D. There is a scarcity of published data on periodontal conditions in southeastern Asian countries, including Pakistan. 9 The aim of the current study was to compare the periodontal conditions and SES between subjects with T2D and non-diabetic controls.
MATERIALS AND METHODS

Interview Questionnaire
Between July and December of 2004, a questionnaire was distributed to 1,000 adults aged 45 to 64 years, residing in the Punjab colony, an underprivileged area of Karachi, Pakistan. Participants were given written information (a consent form), which also was translated into Urdu, the native language of Pakistan. Individuals were asked if they had diabetes and were questioned about their SES, education level, and smoking habits. Individuals were requested to present their medical records and/or medical prescriptions, which confirmed the presence or absence of T2D.
The monthly income was recorded in Pakistani currency (rupees), which was converted into United States dollars. One United States dollar was equivalent to 60.97 Pakistani rupees. Smokers were defined as individuals who had been smoking at least one cigarette daily for ‡1 year. Individuals who had never smoked were classified as non-smokers.
From the 1,000 individuals interviewed, every tenth non-diabetic subject was taken as a control to represent the non-diabetic individuals in this population. Consenting diabetic and non-diabetic individuals were invited to an oral health care center for a clinical examination and radiographs followed by the measurement of a random blood glucose level (RBGL). Edentulous individuals were excluded from the study.
Treatment for T2D and RBGL Diabetic treatments were classified as conventional (use of medically approved hypoglycemic agents, such as sulfonylureas and metformin) and non-conventional treatments (use of traditional folk remedies, such as herbalism, homeopathy, and spiritual treatments). 10, 11 T2D was categorized as well-controlled (RBGL <11.1 mmol/l [<200 mg/dl]) or poorly controlled (RBGL ‡11.1 mmol/l [ ‡200 mg/dl]). 12 RBGL was recorded for all individuals using a glucometer. i The individuals were instructed not to eat, drink, or smoke for ‡2 hours prior to the recording of RBGL.
Periodontal Examination
All examiners were trained and calibrated before measuring plaque index (PI), bleeding on probing (BOP), and PD. A full-mouth PI 13 was determined, and BOP 14 and PD were measured at four sites (mesial, distal, buccal, and lingual/palatal) on all maxillary and mandibular teeth (excluding third molars). PD was measured to the nearest millimeter with a graded probe. ¶ Periodontal pockets of 4 to <6 mm and ‡6 mm and the number of missing teeth were recorded. A tooth with embedded root remnants was considered missing.
Radiographs
Extraoral panoramic radiographs # were taken with a panoramic tomography machine** and scanned † † for further analysis. Radiographs were viewed on a computer monitor. ‡ ‡ Vertical distance was measured from the cemento-enamel junction (CEJ) to the most apical part of marginal bone. MBL was gauged in pixels § § on the scanned radiographs. Premolars and molars (excluding third molars) from both arches were assessed. One pixel was calibrated as 0.387 mm.
Tooth surfaces at which the CEJ and/or the bone crest were not evident because of technical reasons (dental caries, overlapping, restorations, and/or poor quality of radiograph) were not measured. Similarly, if the bony landmarks were not identifiable on the mesial or distal aspect, the tooth surface also was excluded. In individuals with well-controlled or poorly controlled T2D, 64 (4.2%) and 170 (11%) teeth were excluded, respectively. Among the controls, 278 (11.3%) teeth were excluded. Overall, most of the excluded teeth were maxillary premolars.
Ethical Requirements
The ethical committees of Karolinska Institutet and Altamash Institute of Dental Medicine approved the study design in accordance with the Helsinki Declaration of 1975, as revised in 2000.
Statistics
All statistical analyses were performed using a software program. ii MBL on the mesial and distal aspects of premolars and molars from both arches was used as an independent variable and was expressed as a mean with a 95% confidence interval. The association between mean MBL as a dependent variable and the variables of diabetes (yes/no), diabetic status (poorly controlled/well-controlled), PD, PI, BOP, age, gender, smoking (yes/no), and missing teeth as predictors were assessed using one-way analysis of variance (ANOVA). For multiple comparisons, the Bonferroni adjustment post hoc test was performed. T2D and smoking were statistically significant predictors.
RESULTS
Interview Questionnaire
Of the 1,000 individuals interviewed, 83 individuals (8.3%) reported that they had medically diagnosed T2D. Seventy-nine of these individuals volunteered to visit the oral health care center. Four edentulous males with diabetes and one non-diabetic female were excluded. Of the 100 self-reported non-diabetic individuals, one edentulous individual (age 62 years) was excluded at the time of RBGL measurement for being unaware of her diabetic status (16.1 mmol/l or 321 mg/dl). Therefore, the study sample consisted of 75 individuals with T2D (31 males and 44 females) and 99 (51 males and 48 females) controls. Fifty-two individuals with diabetes (69.3%) reported using conventional treatments, and 23 (30.7%) were using non-conventional medications for diabetes. All individuals using non-conventional treatments had poorly controlled T2D.
RBGL
MBL in Relation to Age, Gender, and RBGL Individuals with T2D had a significantly higher MBL in both arches (mean, 7.4 mm; range: 5.8 to 9.3 mm) compared to controls (mean, 3.7 mm; range 2.8 to 4.2 mm) (P <0.0001). In individuals with poorly controlled T2D, MBL was significantly higher in the maxillary molars (#2 and #3), premolars (#12 and #13) (P <0.01), and mandibular molars (#30 and #31) compared to individuals with well-controlled T2D (P <0.05). These results are shown in Table 1 . In both arches, MBL was increased in individuals with poorly controlled T2D (mean, 8.7 mm; range: 3.4 to 11.1 mm) compared to well-controlled T2D (mean, 6.3 mm; range: 2.4 to 9.1 mm) (P <0.01).
MBL was notably lower in controls between 45 and 49 years of age (mean age, 47 years; mean bone loss, 1.1 mm; range: 0.5 to 1.7 mm) compared to controls between 60 and 64 years of age (mean age, 62 years; mean bone loss, 4 mm; range: 1.6 to 8 mm) (P <0.001). There was no statistically significant effect of age and gender on bone loss in individuals with T2D.
Number of Missing Teeth, PI, BOP, PD, Smoking, and Age Individuals with T2D had more missing teeth (mean, 18.6; range: 14 to 23) compared to controls (mean, 11.2; range: 7 to 14) (P <0.01). There was no difference in the number of premolars and molars in individuals with poorly or well-controlled T2D (Table  2) . PI (P <0.01), BOP (P <0.05), and PD (4 to <6 mm; P <0.01) were increased in controls aged 60 to Table 1 .
MBL (mean -SD) in Maxillary and Mandibular Premolars and Molars in Study Subjects
Non-Diabetic Individuals Individuals With T2D
All Individuals (n = 99)
All Individuals (n = 75)
Poorly Controlled T2D (n = 62)
Well-Controlled T2D (n = 13) Differences in MBL between controls and individuals with T2D were tested using one-way ANOVA. Differences in MBL between individuals with poorly controlled and well-controlled T2D were tested using one-way ANOVA. For multiple comparisons, the Bonferroni adjustment post hoc test was performed. * P <0.0001. † P <0.01 compared to individuals with well-controlled T2D. ‡ P <0.001.
64 years (mean, 62 years) compared to controls aged 45 to 49 years (mean, 46.6 years). There was no significant effect of age on PI, BOP, and PD (4 to <6 mm) in individuals with T2D (Fig. 1) . PI, BOP, and PD were increased in individuals with T2D compared to controls (P <0.0001; Table 3 ). PI, BOP, and PD of 4 to <6 mm also were higher in individuals with poorly controlled T2D compared to individuals with well-controlled T2D (P <0.05). PD of 4 to <6 mm was increased in individuals with poorly controlled T2D compared to individuals with wellcontrolled T2D (P <0.05). There was no difference between the diabetic groups when PD was ‡6 mm.
All self-reported smokers were males (mean ages of 51 and 49.3 years among individuals with T2D and controls, respectively). Smoking habits were self-reported by 15.2% of controls and 6.7% of individuals with T2D. The type 2 diabetic and non-diabetic smokers had been smoking for an average of 19.5 and 20.4 years, respectively (range, 8 to 25 years). Bone loss was significantly higher in non-diabetic smokers (mean, 5.8 mm; range: 2.6 to 10 mm) compared to non-smokers (mean, 3.4 mm; range: 2.5 to 4.7 mm) (P <0.001). There was no significant difference in MBL, PI, BOP, PD, and missing teeth between type 2 diabetic smokers and nonsmokers (data not shown). Differences in the number of missing teeth between controls and individuals with T2D were tested using one-way ANOVA. * P <0.01. PI (gray bars), BOP (black bars), and PD (4 to <6 mm) (white bars) in type 2 diabetic individuals and controls in relation to age. There was a statistically significant difference in PI, BOP, and PD (4 to <6mm) among non-diabetic individuals aged 45 to 49 and 60 to 64 years. There was no statistical significance for periodontal conditions between non-diabetic individuals aged 45 to 49 and 50 to 54 years. There was no statistical significance for periodontal conditions between non-diabetic individuals aged 50 to 54 and 55 to 59 years. There was no statistical significance for periodontal conditions between non-diabetic individuals aged 55 to 59 and 60 to 64 years. Periodontal conditions were not related to age among individuals with T2D. *P <0.01; † P <0.01; ‡ P <0.05.
Missing Premolars and Molars (mean -SD) in Study Subjects
PI was increased in non-diabetic smokers (60.9%) compared to non-smokers (26.9%) in the same group (P <0.01). Non-smokers in the control group had increased BOP (30.5%) compared to smokers (15.6%) in the same group (P <0.05). The number of sites with PD 4 to <6 mm was significantly greater in non-diabetic smokers (mean, 13.8) compared to non-smokers (mean, 7.1; P <0.05). There was no difference in the number of sites with PD ‡6 mm in non-diabetic smokers (mean age, 51 years) and non-smokers (mean age, 50 years). Notably, more teeth were missing in non-diabetic smokers (mean, 4.5; range: 2 to 11) compared to non-smokers (mean, 1.6; range: 0 to 9 teeth) in the same group (P <0.001). These results are shown in Table 4 .
Education and SES
Illiteracy was significantly higher among individuals with T2D (30.7%) compared to controls (9.1%; P <0.05). There was no significant difference in the illiteracy rate between the individuals with poorly controlled T2D (36.6%) and those with well-controlled T2D (24.8%).
Among the controls, 61% voluntarily provided their monthly income compared to 48% of individuals with T2D. The monthly income of controls (mean, $227.9; range: $125 to $310) was significantly higher compared to individuals with T2D (mean, $100; range: $50 to $158.3; P < 0.05). Individuals with well-controlled T2D (mean, $154.6; range: $80 to $200) also had a significantly higher SES compared to individuals with poorly controlled T2D (mean, $54.6; range: $50 to $133.3; P <0.05).
DISCUSSION
Diabetes is an important risk factor for periodontal disease. 15, 16 However, in individuals with diabetes, the severity of periodontal conditions may vary depending on the maintenance of blood glucose level. A clinical study 3 showed that periodontal inflammation was increased in patients with poorly controlled T2D. One possible biologic explanation for this finding is the accumulation of glucose-mediated advanced glycation end products (AGEs) that impair the chemotactic and phagocytic function of polymorphonuclear leukocytes and produce proinflammatory cytokines, thereby leading to periodontal inflammation and bone loss in individuals with diabetes. 17 Table 3 .
PI, BOP, and PD in Study Subjects
Controls (mean -SD) Individuals With T2D (mean -SD)
Well-Controlled T2D (n = 13) PI (%) 32. 
Differences between controls and individuals with T2D were tested using one-way ANOVA. Differences between individuals with poorly controlled T2D and well-controlled T2D were tested using one-way ANOVA. For multiple comparisons, the Bonferroni adjustment post hoc test was performed. * P <0.0001. † P <0.05 compared to subjects with well-controlled T2D. ‡ P <0.01 compared to subjects with well-controlled T2D. § P <0.0001 compared to subjects with well-controlled T2D. Table 4 . 
PI, BOP, PD, and MBL in Controls
3.4
Missing teeth (n) 4.5* 1.6
Differences between PI, BOP, PD, MBL, and number of missing teeth between non-diabetic smokers and non-smokers were tested using oneway ANOVA. * P <0.001 compared to non-smokers. † P <0.01 compared to non-smokers. ‡ P <0.05 compared to non-smokers.
Treatment of T2D is associated strongly with SES. In the current study, all individuals on nonconventional treatments had low standards of living. An underprivileged lifestyle may compel individuals with diabetes to neglect their medically prescribed antidiabetic therapies and use inexpensive remedies, including herbalism, homeopathy, and spiritual treatments. In the current study, periodontal conditions and RBGL were increased in all individuals on nonconventional remedies for T2D. A study 18 conducted in an urban area of Karachi, Pakistan reported that ;38% of individuals with diabetes had received educational information about diabetes care. However, in rural areas where education is less readily accessible, the individuals may have poor diabetes perception and control. Oral health care providers should be aware of this issue. Individuals with diabetes should be informed that traditional folk remedies lead to poor glycemic control that increases the severity of periodontal conditions.
In prediagnosed patients with diabetes, RBGL measurement is a practical method to check the blood glucose levels. 19 Although glucometers can be used effectively for screening the blood glucose level in prediagnosed cases, the diabetic status (poorly controlled or well-controlled) may be a short-term finding. Measurement of glycated hemoglobin A 1c is a longterm indicator of diabetes control. 20 In poorly controlled diabetes, increased salivary glucose levels may assist the survival of plaque bacteria that may elevate inflammation levels, increase periodontal pockets, and lead to bone loss. 21 Simultaneously, a decreased salivary flow rate in individuals with diabetes also may help these bacteria to adhere to tooth surfaces. The present study demonstrated increased PI, BOP, and PD of 4 to <6 mm in individuals with poorly controlled T2D.
An association exists between bone loss, as observed on panoramic radiographs, and clinical periodontal evaluation. 22 Therefore, panoramic radiographs can be substituted for full-mouth intraoral radiographs. 23 Computer-based measurements for MBL may be advantageous compared to the use of handheld instruments, such as a metric rule or caliper. Additionally, image-processing programs may be used to improve the visual quality of the radiograph, enhance a selected region on the panoramic radiograph, and visualize bone height in different contrasts. Such features of computer-based imaging may assist in the detection of minor bony changes, which may otherwise be overlooked. 24 A study 25 also reported a 40% improvement in results with the use of computerbased methods compared to manual measurement. Based on these advantages, we chose computerbased programs for measuring the MBL. In the present study, MBL was 1.6 times greater in the premolar and molar regions in poorly controlled T2D compared to well-controlled T2D. In a prospective, longitudinal study, 26 the maxillary premolars (#12 and #13) and molars (#2 and #3) showed significant MBL over a period of 17 years. The present study supported these results; however, we also observed a higher MBL in mandibular molars (#30 and #31).
It has been reported that the risk for periodontal bone loss increases with age. 2, 27 Our results showed that PI, BOP, and PD (4 to <6 mm) also increased with age. However, individuals with T2D did not show any significant relationship between these variables with age. It may be hypothesized that in individuals with T2D, the pathogenesis of the disease makes PI, BOP, and PD (4 to <6 mm) independent of age. Further studies on individuals with poorly and well-controlled T2D may help to predict the relationship of these variables to age. MBL was 2.4 times higher in individuals with TD2, with an age range of 45 to 49 years, compared to controls in the same age group. This is in accordance with earlier results. 28 The present study showed that age does not play a dominant role in influencing periodontal bone loss in individuals with T2D. The pathophysiology may be explained by the glucose-mediated AGEs that encourage the production of interleukin-1 and tumor necrosis factor-alpha. 17, 29 These proinflammatory cytokines play an essential role in the pathogenesis of diabetic complications, including periodontal disease. 17, 29 Therefore, it may be postulated that poorly controlled T2D induces the production of proinflammatory cytokines and exposes individuals with diabetes to periodontal conditions at earlier ages compared to non-diabetic individuals. There was no association between gender and periodontal conditions in individuals with T2D and controls, which is in accordance with a recent study. 30 Smoking masks the signs of inflammation and tissue damage by suppressing gingival bleeding. 31 An experimental study 32 demonstrated that nicotine causes an acute vasoconstriction in the skin, and the same mechanism is assumed to take place in gingival tissues as well. In Pakistan, the prevalence of smoking was reported to be 16.1% and is dominant among males between 45 and 64 years of age. 33 The present study showed similar results; 15.2% of controls (all males) were habitual smokers. We observed a significantly high number of sites with PD 4 to <6 mm with reduced BOP in non-diabetic smokers as reported earlier. 14, 34, 35 Periodontal disease has been associated with low SES. 23, 36 In low-income countries like Pakistan, where the majority of inhabitants strive to meet a basic living standard, oral health care may not be a priority and may be considered more of a luxury, rather than an obligation. A study on Pakistani immigrants in Norway also concluded that living standards and SES are strong predictors of periodontal disease in these individuals. 37 An improved SES may be associated with better diabetes control. 38 In the current study, a superior SES in individuals with well-controlled T2D may have permitted them to use conventional treatments for diabetes and to maintain their oral health compared to individuals with poorly controlled T2D. We expected to observe a difference in the number of teeth present between individuals with poorly and well-controlled T2D, but the results did not show any statistical significance. However, it remains to be established if both groups of individuals with a shorter duration of the disease show a difference in the number of missing teeth. A study 29 also reported that periodontal therapy in conjunction with systemic antimicrobial treatment reduced the severity of periodontal conditions in individuals with poorly controlled T2D.
CONCLUSIONS
Individuals with T2D experience increased MBL, BOP, and PD of 4 to <6 mm compared to controls. Low SES is the major contributing factor in the progression of periodontal conditions in T2D.
